Abstract
Introduction

3
In pig husbandry, loose-housed or non-crating farrowing systems have been The present study was therefore conducted to investigate the effects of two different 67 farrowing housing systems on sow behaviour during and after parturition, and their 68 associations with immediate, i.e. within the first 24 h after the onset of parturition 69 (T24), postnatal piglet mortality. The study also examined physiological changes (i.e. 
Materials and Methods
78
The study procedure was reviewed and approved by the Animal Experiment Board 
111
The temperature of the floor surface was measured using an infrared thermometer Piglet vitality was scored from the video recordings for 15 s immediately after birth.
151
The score for piglet vitality was determined using parameters according to Baxter et 
Results
217
The average backfat thickness and parity were 18.5 (± SD 3.5) mm and 3.8 (± SD 218 0.7) for the CRATE sows, and 18.3 (± SD 3.3) mm and 3.6 (± SD 0.6) for the OPEN 219 sows, respectively. (Table 1 ). There 224 was no effect of parity on farrowing duration or birth interval in the present study.
225
Litter size, including stillborn and live born piglets, or the vitality score of the live born 226 piglets did not differ between the housing systems (Table 1) . Farrowing duration and 227 birth interval were not correlated with litter size or vitality score. In addition, no 228 correlations were established between those parameters and piglet mortality.
229
A total of 563 piglets were produced from the 30 sows. Of these, 518 were born alive 230 and used for mortality analyses during T24. Of the 518 live born piglets, 40 died by 231 crushing and 12 died for other reasons during T24. Total and crushed piglet mortality 232 rates were higher (P < 0.001, for both, Table 2 ). Similarly, these tendencies were also shown during T24 (P = 242 0.07, P = 0.10, respectively, Table 2 ). During parturition, the sows in OPEN were 243 associated with longer durations for sternal lying down than those in CRATE (P < 244 0.05, Table 2 ). Frequency of bar-biting behaviour tended to be higher in sows with 245 OPEN during parturition (P = 0.09, Table 2 ), and it was higher for OPEN sows during Table 3 ).
261
Frequency and total duration of bar-biting behaviour of the sows (n = 30) were 262 correlated with the rate of total live-born mortality (Table 4) , and the rate of mortality 263 caused by crushing (Table 4) . During T24, the rates of total live-born mortality and 264 mortality caused by crushing were also correlated with the number of postural 265 changes (Table 4) , duration of standing (Table 4) , and piglet trapping events (Table   266 4) by the sows (n = 30). survivors in both CRATE and OPEN (P < 0.001, P < 0.05, respectively, Table 5 ).
276
There was a negative correlation between vitality score and BUC in CRATE (n = 173, Therefore, this procedure, used in the current study, cannot be excluded from the 408 factors affecting the data for the mortality rate and time from birth to first udder 409 contact by the piglets and their associations with vitality score at birth.
410
Increasing farrowing duration has been a growing concern in modern pig herds with 411 large litter size since it was shown to be associated with increases in stillbirth rate or 
451
In conclusion, immediate postnatal piglet mortality, mainly due to crushing, may be 452 increased in the non-crating system with large litters, especially if the pen is poorly The rates of total piglet mortality (n = 51 out of the 518 live born piglets) and mortality 590 caused by crushing (n = 39 out of the 518 live born piglets). The average number of total born piglets in the litter. Values are presented as LSmeans with SE bars. * P < 0.10, ** P < 0.05. 
